It is generally considered that if uneviscerated carcasses are held at ambient temperatures, growth of bacteria such as the clostridia will occur in deep tissues. These bacteria are thought to be present in the tissues at the time of death or to be disseminated throughout the carcass from the intestine after death (8, 11) . However, there is now considerable evidence that postmortem invasion of carcass tissues by intestinal bacteria does not occur until at least several hours after death, when breakdown of the intestinal tissues allows release of bacteria into the body cavity (7, 9) . Any bacteria likely to be of importance in deep-tissue spoilage of carcasses from meat animals must therefore be present before death or be introduced into the body during the killing process. Meat inspection should eliminate most diseased carcasses, and although the extent to which symptomless infections occur is not known, it is possible that entry of bacteria during slaughter is a major cause of deep-tissue contamination. The importance of such bacteria for meat hygiene depends upon their ability to survive and multiply in carcasses.
It has been shown that carcass tissues can be contaminated by injection of bacteria in excess of 10' cells per g into the bloodstream at the time of slaughter (10) . However, it is unlikely that such large numbers would be introduced during normal slaughtering procedures if even minimal hygienic practices were observed. Also, it would be expected that at least some of these bacteria would be killed as a result of the bactericidal activities of blood and tissue fluids (4, 13, 14) . This communication reports on the ability of carcass tissues to maintain their sterility after injection of bacteria into the bloodstream shortly before death.
MATERLALS AND METHODS
Preparation of inocula. The bacteria used were Escherichia coli strain B (NCIB 9484), strains of Salmonella typhimurium, Clostridium perfringens, and Staphylococcus aureus isolated from sheep, and Pseudomonas aeruginosa isolated from milk. All bacteria were grown in nutrient broth, harvested in the logarithmic phase of growth, and washed twice before the final suspension in isotonic saline was prepared. The bacterial density was estimated from the optical density of the suspension at 550 nm and confirmed by spreading 0.1 ml of suitable dilutions on nutrient agar plates which were incubated aerobically or, in the case of C. perfringens, on SFP agar plates which were incubated anaerobically. Spores of C. perfringens were obtained by growing the bacteria in the medium recommended by Duncan and Strong (5) . After the medium was heated for 20 min at 70°C, spores and cell debris were washed and used for inoculation in the same way as vegetative cells.
Immunization of guinea pigs. Three guinea pigs were immunized against C. perfringens by two subcutaneous injections (0.5 ml), at intervals of 1 week, of Formalin-killed cells suspended in Freund adjuvant (109 bacteria per ml).
Inoculation of guinea pigs. Guinea pigs were anesthetized by intraperitoneal injection of pentothal.
The jugular vein was exposed, and 1 ml of bacterial or spore suspension was injected. After 5 min the animals were killed by opening the thoracic cavity. Carcasses were stored at 30°C during the subsequent sampling period.
Estimation of bacteria in tissues. Blood samples were obtained by cardiac puncture, and 0.1-ml portions were spread on duplicate nutrient or SFP agar plates which were incubated for 24 h at 30°C. Tissue samples (2 g) were removed aseptically (6) and homogenized with 10 ml of isotonic saline, and 0.1-ml portions of the homogenate were spread on agar plates.
RESULTS
Estimates of the bacteria present in samples of liver, spleen, lung, muscle, and blood immediately after the death of animals inoculated with 106 bacteria showed that the bacteria were evenly distributed throughout the carcass. For subsequent experiments samples of either blood or muscle were used.
The numbers of all bacterial species rapidly decreased during the first 30 miin after the death of the animals (Fig. 1) . With large initial numbers of bacteria, the decrease ceased 1 to 2 h after death. The numbers of P. aeruginosa, a strict aerobe, did not change significantly between 1 and 24 h, but the strict anaerobe C. perfringens and the other species, which are facultative anaerobes, commenced growth at 3 to 4 h after the death of the animals (Fig. 2) .
If initial numbers were sufficiently low, the bacteria were entirely eliminated, and muscle tissue was sterile after the carcass had been incubated for 24 h at 30°C (Table 1) . With larger inocula, considerable growth of bacteria could occur in 24 h, even when bacterial numbers were reduced to less than 1 organism per g within 1 h ( 
